The purpose of the present study was to evaluate the effects of a trunk exercise program on the gait and muscle activity in stroke patients. The participants of this pilot study included six hemiplegic stroke patients. The outcomes were surface electromyography (sEMG) and spatiotemporal gait parameters. In analysis of sEMG, no statistically difference was found between pre-and post-training of Maximal Voluntary Isometric Contraction (MVIC) in rectus abdominis and external abdominal oblique muscle, but it tended to increase. However, the gait parameter significantly increased in walking speed, walking cycle, and affected stride length in stroke patients. These results suggest that the trunk exercise program may in part improve the gait of chronic stroke patients.
Introduction
Recently, many results from research on the relationship between trunk muscle activity and the gait function of hemiparesis patients have been reported [1] [2] [3] [4] . Trunk muscles have broad anatomical origins and insertions that are linked to several structures, such as spine, pelvis, rib cage and shoulder girdle. The trunk muscle affects post-ure and movement of limbs, and thus it is related to walking ability [5] . A stroke patient shows muscle weakness, abnormal muscle tone, and a disorder in balance and posture control, which results in difficulty in locomotion [6] . Hemiparesis caused by upper motor lesions is known to be more detrimental to the distal than to the proximal body musculature [7] [8] . According to Davies, the "loss of selective trunk control" is the major functional deficit of post-stroke patients [9] [10] . The loss of selective trunk muscle control leads to abnormal gait parameters. Trunk exercises have a beneficial effect on trunk function, standing balance, and mobility in people after a stroke, and it is especially effective in improving balance, gait and functional ability [3] . Many studies have been conducted on the effect of trunk exercise on gait ability in stroke patients.
However, studies on the effect of trunk exercise on trunk muscle activity and spatiotemporal gait parameter after trunk exercise for stroke patients are rare. Therefore, this study aimed to predict the effect of trunk exercise program on muscle activity and gait parameter in chronic stroke patients.
Materials and Methods
The participants of this study included 6 hemiplegic patients (3 males and 3 females) who had a stroke diagnosis and are receiving admission or outpatient treatment in P rehabilitation center. The general characteristics of the subjects are presented in Table   1 . The inclusion criteria for selecting the subjects were as follows: 1) have a history of only one cerebrovascular accident; 2) independent in gait (with or without assistive de- [14] . The bridge exercise was performed in a supine position. Both knees were flexed at 90˚, and the feet were hip-width apart while resting on the floor. The arms were crossed over the chest to minimize arm support, and the therapist's hands were placed vertically along the lateral aspect of the bilateral knee joint to maintain hip abduction of 30˚. The subject was instructed to lift his/her pelvis comfortably at a self-selected speed, while his/her trunk, pelvis, and thigh were aligned in a straight line (hip extension of 0˚). This position was held for 5 s (Figure 1 ) [11] . The curl-up exercise consisted of three parts, namely, shoulder curl-up with arms crossed, curl-up with straight reaching (both arm support), curl-up with diagonal reaching (one arm support), and shoulder curl-up with arms crossed. The knees were flexed at 90˚. In the curl-up exercise, the subject elevates his/her trunk until the scapular is lifted from the mat ( Figure 1 ) [12] . In abdominal hollowing, the lower part of the abdominal was drawn up and in toward the spine without moving the trunk or pelvis. A pressure biofeedback unit (Chattanooga Group, Inc., TN37343, USA) was used to ensure that the subjects performed the exercise correctly. A pressure cuff unit was placed under their lumbar spine and inflated to 40 mmHg before the exercise was performed. When the subject performed the hollowing correctly, the pressure either stayed at 40 mmHg or decreased, and the subjects would tilt his/her abdomen hollow. This position was then held for 5 s (Figure 1 ) [13] . The quadruped exercise was initially positioned in a fourpoint stance with knees and hands on the floor (hip flexed to 90˚ and hands beneath the shoulder joint). The subject performed a two-point stance with a contralateral arm and leg raise. The subject flexed his/her arms, and the lower body segment was parallel to the trunk. This position was then held for 5 s (Figure 1 ) [14] . Outcomes were measured twice, that is, before training and after the four-week training. EMG data were collected using the BTS FREEEMG 1000 (BTS Spa, Italy) device with surface electrodes. The sampling rate was set to 1000 Hz per channel, and the EMG signals were band-pass filtered from 20 Hz to 500 Hz. Pre-gelled bipolar silver/silver chloride surface electrodes were placed with an inter-electrode distance of 20 mm. The EMG signals were recorded from the rectus abdominis (RA), external abdominal oblique (EO), transversus abdo-minis/internal abdominal oblique (TrA/IO), and elector spinae (ES) of the paretic side of the participants. The electrode attachment regions were as follows: for the RA, 5 cm above the umbilicus and 3 cm lateral from the midline; for the EO, approximately 15 cm lateral to the umbilicus; for the IO, 2 cm inferomedial to the ASIS; for the ES, 3 cm lateral to spine and L4 -L5 spinous process. Each electrode attachment region was identified using anatomical landmarks by a qualified physiotherapist and shaved and cleaned using alcoholic wipes. The EMG values of RA and IO muscles were measured from the maximal voluntary isometric contraction (MVIC). The EMG value of the ES measured was the reference voluntary contraction (RVC) because of the difficulty in MVIC movement among stroke patients. The obtained EMG values were the normalized operation (% MVIC, % RVC) for comparing the mean. Each muscle performance was measured by MVIC/RVC. The average value was obtained from the exercises performed three times. Contraction time was 5 s, and the normalized values were determined from the middle 3 s RMS values. During measurements, the examiner verbally encouraged the subjects to stimulate them to perform maximal effort. The gait parameter was measured using the gait analysis system (Gait Trainer 2 Analysis System Inc., Biodex Medical Systems, USA) which was adjusted to the subject's comfortable walking speed [15] [16] . This equipment can analyze the walking parameter, such as walking speed, walking cycle, affected side stance phase, affected side stride length, symmetry index of stance phase, and symmetry index of stride length through a sensor installed on the treadmill floor. Outcomes were measured twice, that is, before training and after the four-week training. The formulas for the symmetry indexes of the stance phase and stride length used in the study were as follows: symmetry index of stride length (%) = affected side low extremity stride length (cm)/non-affected side low extremity stride length (cm) × 100%, and symmetry index of the stance phase (%) = affected side low extremity stance phase (sec)/non-affected side low extremity stance phase (sec) × 100%. The values of the symmetry stance phase and symmetry stride length of closer to 100 mean better gait performance. Data were expressed as the mean ± standard error (SE) of the measurements. A p-value of <0.05 was considered statistically significant. Data were analyzed using SPSS Version 18.0 (International Business Machines, Armonk, USA) for Microsoft Windows. All stroke patients or their next of kin provided informed consent for participation in the study. Furthermore, the protocol for this study was approved by the Committee of Ethics in Research of the University of Yongin, in accordance with the terms of Resolution 5-1-20. Table 1 presents the clinical and general characteristics of the stroke patients. No statistical difference was found between pre-training and post-training of MVIC % in RA and EO, but it tended to increase ( Table 2 ). No statistically difference was found between pre-training and post-training in MVIC % of TrA/IO and RVC % of ES (Table  2) . However, gait factor was significantly increased in walking speed, walking cycle, and affected stride length (Table 3) . Although not significantly, affected side stance phase and symmetry index of stance phase had a significant increase (Table 3) . All data were presented as the mean ± SE. *: p < 0.05.
Results

Discussion
The restoration of gait function is an important goal among stroke patients to improve their quality of life [17] . Previous studies reported trunk muscle activity to be related to the gait ability of post-stroke patients [2] . Trunk exercises have a beneficial effect on trunk function, standing balance, and mobility in stroke patients, and they are especially effective to improve balance, gait, and functional ability [3] . This study demonstrated that four weeks of trunk exercises consisting of abdominal hollowing, curl-up, bridge, and quadruped exercise affected muscle activity and spatiotemporal gait parameters.
The gait of stroke patients is characterized by short stride length, slow gait velocity, and asymmetric gait pattern [18] . Gait speed is a useful indicator of gait quality among stroke patients. Velocity is easy to measure and is closely related to patients' clinical condition [19] . However, increase in gait velocity without improvements in symmetry suggests that compensatory strategies are retained and amplified [20] . According to our results, truncal exercises can improve the walking speed of stroke patients by increasing the stride length of the paretic side. However, the trunk training did not have a significant effect on improving gait symmetry. Moreover, the short four-week training period did not affect the trunk EMG in the chronic stroke patients. This finding is considered to have been affected by the characteristics of chronic patients, short period of intervention, and small sample size. In summary, the results of the truncal exercise in the EMG values had no significant difference. However, gait speed and stride length of the paretic side were improved despite the short period of intervention. Thus, we expect truncal exercises to help to improve the walking ability of stroke patients. Nevertheless, this study requires further scientific studies [21] 
